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CONTROL APPARATUS AND CONTROL METHOD FOR INTERNAL COMBUSTION ENGINE PROVIDED 
WITH SECONDARY AIR SUPPLY 

B ACKGROUND OF THE INVENTION 

5 

L Field of the Invention 

[0001] The invention relates to a control apparatus and control method for an 
internal combustion engine. More specifically, the invention relates to a control 
apparatus and control method for an internal combustion engine in which a secondary air 
10 supply apparatus is provided. 

2. Description of the Related Art 

[0002] A secondary air supply apparatus is known, which supplies an exhaust 
manifold of an engine with secondary air delivered under pressure from an air pump so 
15 that CO and HC in exhaust gas are burned and changed to C0 2 and H 2 0 due to chemical 
reaction. 

[0003] Japanese Patent Application Publication No. JP 2003-83048 discloses a 
secondary air supply apparatus in which it can be determined whether an abnormality has 
occurred in a component of the secondary air supply apparatus. The secondary air 

20 supply apparatus disclosed in the Japanese Patent Application Publication No. JP 2003- 
83048 includes a secondary air supply passage for supplying secondary air to a portion 
upstream of an exhaust gas control device in an exhaust system of an internal combustion 
engine; a opening/closing portion which opens/closes the secondary air supply passage; a 
check valve which is provided downstream of the opening/closing portion; a pressure 

25 sensor which is provided in the secondary air supply passage; and an abnormality 
detecting portion which detects an abnormality in the component based on a pressure 
value detected by the pressure sensor and a pressure change value. 

[0004] In the secondary air supply apparatus disclosed in the Japanese Patent 
Application Publication No. JP 2003-83048, since the pressure value and the pressure 
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change value are obtained using the pressure sensor, a failure mode of each component 
can be determined in detail based on combination of the pressure value and the pressure 
change value. 

[0005] However, in the secondary air supply apparatus disclosed in the 
5 Japanese Patent Application Publication No. JP 2003-83048, no consideration is given to 
a measure which should be taken when failure occurs in the component. Therefore, 
there is a problem that secondary failure may be caused due to failure in the component. 

SUMMARY OF THE INVENTION 

10 

[0006] The invention is made in order to solve the aforementioned problem. 
Accordingly, it is an object of the invention to provide a control apparatus and control 
method for an internal combustion engine, which can suppress occurrence of secondary 
failure. It is another object of the invention to provide a control apparatus and control 

15 method for an internal combustion engine, which can reduce the possibility that an 
occupant feels uncomfortable due to failure in a secondary air supply apparatus. 

[00071 A first aspect of the invention relates to a control apparatus for an 
internal combustion engine provided with a secondary air supply apparatus that supplies 
secondary air to a portion upstream of an exhaust gas control device in an exhaust system, 

20 The control apparatus includes a detector that detects failure in the secondary air supply 
apparatus; and a controller that limits an amount of air introduced into the internal 
combustion engine to a predetermined amount when failure in the secondary air supply 
apparatus is detected by the detecting means. 

[0008] According to the first aspect of the invention, when failure in the 

25 secondary air supply apparatus is detected, the amount of the air introduced into the 
internal combustion engine is limited to the predetermined amount. Thus, when failure 
occurs in the secondary air supply apparatus, an amount of exhaust gas can be reduced. 
Therefore, for example, when the exhaust gas flows back to the secondary air supply 
apparatus due to failure in a component constituting the secondary air supply apparatus, it 
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is possible to reduce an amount of the gas flowing back to the secondary air supply 
apparatus, and to suppress an increase in a temperature of the secondary air supply 
apparatus, which is caused by the exhaust gas. As a result, it is possible to provide a 
control apparatus for an internal combustion engine, which can suppress occurrence of 
5 secondary failure. 

[0009] According to a second aspect of the invention, in the control apparatus 
according to the first aspect of the invention, the controller may reduce the amount of the 
air introduced into the internal combustion engine to the predetermined amount in a 
stepwise manner. With this configuration, the amount of the air introduced into the 

10 internal combustion engine is reduced to the predetermined amount in a stepwise manner. 
Thus, it is possible to suppress a rapid decrease in output of the internal combustion 
engine. Therefore, it is possible to suppress a rapid change in an operating state of the 
internal combustion engine. As a result, it is possible to provide the control apparatus 
for an internal combustion engine, which can reduce the possibility that an occupant feels 

15 uncomfortable due to failure in the secondary air supply apparatus. 

[0010] According to a third aspect of the invention, in the control apparatus 
according to the first aspect or the second aspect of the invention, the controller may 
reduce the amount of the air introduced into the internal combustion engine to the 
predetermined amount at a predetermined change rate. With this configuration, the 

20 amount of the air introduced into the internal combustion engine is reduced to the 
predetermined amount at the predetermined change rate. Thus, it is possible to suppress 
a rapid decrease in output of the internal combustion engine. Therefore, it is possible to 
suppress a rapid change in an operating state of the internal combustion engine. As a 
result, it is possible to provide the control apparatus for an internal combustion engine, 

25 which can reduce the possibility that an occupant feels uncomfortable due to failure in the 
secondary air supply apparatus. 

[0011] According to a fourth aspect of the invention, in the control apparatus 
according to any one of the first aspect to the third aspect of the invention, the internal 
combustion engine may include plural cylinders. The secondary air supply apparatus 



f 



WO 2006/024950 



4 



PCT/IB2005/002826* 



may includes i) a first opening/closing valve which opens/closes a first air passage 
through which air discharged from an air pump flows; ii) a second opening/closing valve 
which opens/closes a second air passage that is connected to the first air passage at a 
portion downstream of the first opening/closing valve, and that is connected to an exhaust 
5 passage leading to a predetermined cylinder among the plural cylinders; and iii) a third 
opening/closing valve which opens/closes a third air passage that is connected to the first 
air passage at a portion downstream of the first openingfclosing valve, and that is 
connected to an exhaust passage leading to a cylinder different from the predetermined 
cylinder to which the exhaust passage connected to the second air passage leads. The 

10 detector may detect presence or absence of failure in each of the first opening/closing 
valve, the second opening/closing valve, and the third opening/closing valve. The 
controller may limit the amount of the air introduced into the internal combustion engine 
according to presence or absence of failure in each of the first opening/closing valve, the 
second opening/closing valve, and the third opening/closing valve. 

15 [0012] According to the fourth aspect of the invention, the first air passage is 

opened/closed by the first opening/closing valve, the second air passage is opened/closed 
by the second opening/closing valve, and the third air passage is opened/closed by the 
third opening/closing valve. The amount of the air introduced into the internal 
combustion engine is limited according to presence or absence of failure in each of the 

20 first opening/closing valve, the second opening/closing valve* and the third 
opening/closing valve. For example, when failure has occurred in at least one of the 
second opening/closing valve and the third opening/closing valve, and the first 
opening/closing valve, exhaust gas flowing back to the secondary air supply apparatus 
passes through the first air passage. Therefore, an amount of exhaust gas flowing back 

25 to the secondary air supply apparatus becomes large, and a temperature of the secondary 
air supply apparatus is likely to be increased, as compared to when failure has not 
occurred in the first opening/closing valve. Accordingly, in the case where failure has 
occurred in at least one of the second opening/closing valve and the third opening/closing 
valve, whfen failure has occurred in the first opening/closing valve, the amount of the air 
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introduced into the internal combustion engine is controlled to be reduced, as compared 
to when failure has not occurred in the first opening/closing valve. 

[0013] When failure has occurred in both of the second opening/closing valve 
and the third opening/closing valve, communication is provided between the cylinder 
5 connected to the second air passage and the cylinder connected to the third air passage. 
Therefore, the exhaust gas flows back to the secondary air supply apparatus from both of 
the cylinder connected to the second air passage and the cylinder connected to the third 
air passage. Therefore, when failure has occurred in both of the second opening/closing 
valve and the third opening/closing valve, the amount of the exhaust gas flowing back to 

10 the secondary air supply apparatus becomes large, as compared to when failure has 
occurred in one of the second opening/closing valve and the third opening/closing valve. 
Accordingly, when failure has occurred in both of the second opening/closing valve and 
the third opening/closing valve, the amount of the air introduced into the internal 
combustion engine is controlled to be reduced, as compared to when failure has occurred 

15 in one of the second opening/closing valve and the third opening/closing valve. Thus, 
the amount of the discharged exhaust gas can be reduced. Therefore, it is possible to 
reduce the amount of the exhaust gas flowing back to the secondary air supply apparatus, 
and to suppress an increase in the temperature of the secondary air supply apparatus. As 
a result, it is possible to suppress occurrence of secondary failure. 

20 [0014] According to a fifth aspect of the invention, in the control apparatus 

according to the fourth aspect of the invention, when failure has occurred in at least one 
of the second opening/closing valve and the third opening/closing valve, and the first 
opening/closing_valve, the controller may limit the amount of the air introduced into the 
internal combustion engine so that the amount of the air introduced into the internal 

25 combustion engine is reduced, as compared to when failure has occurred in at least one of 
the second opening/closing valve and the third opening/closing valve, and failure has not 
occurred in the first opening/closing valve. 

[0015] According to the fifth aspect of the invention, in a case where the failure 
has occurred in at least one of the second opening/closing valve and the third 
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opening/closing valve, when failure has occurred in the first opening/closing valve, the 
amount of the air introduced into the internal combustion engine is controlled to be 
reduced, as compared to when failure has not occurred in the first opening/closing valve. 
When failure has occurred in at least one of the second opening/closing valve and the 
5 third opening/closing valve and failure has occurred in the first opening/closing valve, the 
exhaust gas flowing back to the secondary air supply apparatus passes through the first 
air passage. Therefore, when failure has occurred in the first opening/closing valve, the 
amount of the exhaust gas flowing back to the secondary air supply apparatus is large, 
and a temperature of the secondary air supply apparatus is likely to be increased, as 

10 compared to when failure has not occurred in the first opening/closing valve. 
Accordingly, when failure has occurred in the first opening/closing valve, the amount of 
the air introduced into the internal combustion engine is reduced, as compared to when 
failure has not occurred in the first opening/closing valve. Thus, the amount of the 
exhaust gas flowing back to the secondary air supply apparatus can be reduced. 

15 Therefore, it is possible to suppress an increase in the temperature of the secondary air 
supply apparatus, which is caused by the exhaust gas flowing back to the secondary air 
supply apparatus. As a result, it is possible to suppress occurrence of secondary failure. 

[0016] According to a sixth aspect of the invention, in the control apparatus 
according to the fourth aspect of the invention, when failure has occurred in the second 

20 opening/closing valve and the third opening/closing valve, the controller may limit the 
amount of the air introduced into the internal combustion engine so that the amount of the 
air introduced into the internal combustion engine is reduced, as compared to when 
failure has occurred in one of the second opening/closing valve and the third 
opening/closing valve. 

25 [0017] According to the sixth aspect of the invention, when failure has 

occurred in the second opening/closing valve and the third opening/closing valve, the 
amount of the air introduced into the internal combustion engine is reduced, as compared 
to when failure has occurred in one of the second opening/closing valve and the third 
opening/closing valve. When failure has occurred in both of the second opening/closing 
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valve and the third opening/closing valve, communication is provided between the 
cylinder connected to the second air passage and the cylinder connected to the third air 
passage, and the exhaust gas flows back to the secondary air supply apparatus from both 
of the second air passage and the third air passage. Therefore, when failure has occurred 
5 in both of the second opening/closing valve and the third opening/closing valve, die 
amount of the exhaust gas flowing back to the secondary air supply apparatus is large, as 
compared to when failure has occurred in one of the second opening/closing valve and 
the third opening/closing valve. Accordingly, when failure has occurred in both of the 
second opening/closing valve and the third opening/closing valve, the amount of the air 

10 introduced into the internal combustion engine is controlled to be reduced, as compared 
to when failure has occurred in one of the second opening/closing valve and the third 
opening/closing valve. Thus, the amount of the discharged exhaust gas can be reduced. 
Accordingly, it is possible to reduce the amount of the exhaust gas flowing back to the 
secondary air supply apparatus, and to suppress an increase in the temperature of the 

15 secondary air supply apparatus. As a result, it is possible to suppress occurrence of 
secondary failure. 

[0018] According to a seventh aspect of the invention, in the control apparatus 
according to any one of the first aspect to the sixth aspect of the invention, the controller 
may control an opening amount of a throttle valve provided in an intake pipe for the 

20 internal combustion engine so that the amount of the air introduced into the internal 
combustion engine is limited to the predetermined amount 

[0019] A ninth aspect of the invention relates to a control method for an 
internal combustion engine provided with a secondary air supply apparatus that supplies 
secondary air to a portion upstream of an exhaust gas control device in an exhaust system. 

25 The control method includes a step of detecting failure in the secondary air supply 
apparatus; and a step of limiting an amount of air introduced into the internal combustion 
engine to a predetermined amount when failure in the secondary air supply apparatus is 
detected in the step of detecting failure. 
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P RIEF DESCRIPTION OF THE PRAWJN GS 

[0020] FIG 1 is a control block diagram showing an engine which is controlled 
by a control apparatus for an internal combustion engine according to an embodiment of 
5 the invention; 

[0021] FIG 2 is a flowchart showing a control structure of a program which is 
executed by an ECU of the control apparatus for an internal combustion engine according 
to the embodiment of the invention; and 

[0022] FIG 3 is a timing chart showing a change of a throttle valve opening 
10 amount TH. 

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0023] Hereinafter, an embodiment of the invention will be described with 
15 reference to the drawings. In the following description, the same components are 

denoted by the same reference numerals, and names and functions thereof are the same. 

Therefore, detailed description thereof will not be repeated. 

[0024] Referring to FIG 1, description will be made of a vehicle including a 

control apparatus for an internal combustion engine according to the embodiment of the 
20 invention. The vehicle includes an engine 100, and an electronic control unit 

(hereinafter, referred to as "ECU") 300. The control apparatus for an internal 

combustion engine according to the embodiment of the invention is realized, for example, 

by a program executed by the ECU 300. 

[0025] The engine 100 is a V-type engine. The engine 100 is not limited to 
25 the V-type engine. Air is taken through an air cleaner 102, and then is introduced into 

the engine 100 via an intake pipe 104 and an intake manifold 106. The air is introduced 

into a combustion chamber of each of eight cylinders 108 from the intake manifold 106, 

together with fuel injected from an injector (not shown). The number of the cylinders is 

not limited to eight. 
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[0026] Air-fuel mixture introduced into each cylinder 108 is ignited by an 
ignition plug (not shown), and burned. Thus, the engine 100 generates driving force. 
The burned air-fiiel mixture, that is, exhaust gas is guided to exhaust manifolds 110 and 
112 that are connected to the cylinders 108. After purified by catalysts 114 and 116, the 
5 exhaust gas is discharged to the outside of the vehicle. An amount of air introduced into 
the engine 100 is controlled by a throttle valve 120. An opening amount of the throttle 
valve 120 is controlled by an actuator 122. 

[0027] When the catalysts 114 and 116 are cold, the purifying capability of the 
catalysts 114 and 116 cannot be fully used. Therefore, secondary air is supplied to the 
10 exhaust manifolds 1 10 and 112. Since the secondary air is supplied, CO and HC in the 
exhaust gas are burned and changed to C0 2 and H,0 due to chemical reaction. 

[0028] In this embodiment of the invention, as the secondary air, air in an 
engine room is used. In order to supply the secondary air, an air pump 200 is provided. 
The air pump 200 delivers, under pressure, air in the engine room into a first air passage 
15 210. 

[0029] An electromagnetic air switching valve (hereinafter, referred to as 
"ASV") 212 is provided downstream of the air pump 200 in the first air passage 210. 
The state of the electromagnetic ASV 212 is selectively changed between an opened state 
and a dosed state based on a control signal sent from the ECU 300. Thus, the 

20 electromagnetic ASV 212 can open/close the first air passage 210. A second air passage 
220 and a third air passage 230 are connected to the first air passage 210. 

[0030] One end of the second air passage 220 is connected to the first air 
passage 210 at a portion downstream of the electromagnetic ASV 212. The other end of 
the second air passage 220 is connected to the exhaust manifold 110 which is connected 

25 to one bank of the engine 100. Hiat is, the other end of the second air passage 220 is 
connected to the exhaust passage leading to cylinders 108 provided in the one bank of the 
engine 100. 

[0031] Similarly, one end of the third air passage 230 is connected to the first 
air passage 210 at a portion downstream of the electromagnetic ASV 212. The other end 
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of the third air passage 230 is connected to the exhaust manifold 1 12 which is connected 
to the other bank of the engine 100. That is, the other end of the third air passage 230 is 
connected to the exhaust passage leading to cylinders 108 which are different from the 
cylinders 108 to which the exhaust passage connected to the second air passage 220 
5 leads. 

[0032] A vacuum pressure ASV (1) 222 is provided in the second air passage 
220. The vacuum ASV (1) 222 is connected to a vacuum switching valve (hereinafter, 
referred to as "VSV") 224. Similarly, a vacuum pressure ASV (2) 232 is provided in the 
third air passage 230. The vacuum pressure ASV (2) 232 is connected to a vacuum 
10 switching valve (hereinafter, referred to as "VSV") 234. 

[0033] The VSVs 224 and 234 are connected to a vacuum pressure tank 240. 
The vacuum pressure tank 240 is connected to an intake pipe 104 at a portion 
downstream of the throttle valve 120 via a check valve 242. 

[0034] The air pump 200, the air passages, the ASVs, the VSVs, the vacuum 
15 pressure tank 240, and the check valve 242 constitute an air injection system (hereinafter, 
referred to as "AI system") which serves as a secondary air supply apparatus. 

[0035] The check valve 242 allows air to flow from the vacuum tank 240 to the 
intake pipe 104. In addition, the check valve 242 prohibits the air from flowing from 
the intake pipe 104 to the vacuum pressure tank 240. . Thus, a pressure in the vacuum 
20 pressure tank 104 becomes a vacuum pressure. 

[0036] On the basis of the control signal sent from the ECU 300, the VS V 224 
switches between a state in which the vacuum pressure is introduced from the vacuum 
pressure tank 240 to the vacuum pressure ASV (1) 222, and a state in which an 
atmospheric pressure is introduced to the vacuum pressure ASV (1) 222. In the case 
25 where the vacuum pressure is introduced from the vacuum pressure tank 240 to the 
vacuum pressure ASV (1) 222, the vacuum ASV (1) 222 is opened. In the case where 
the atmospheric pressure is introduced to the vacuum pressure ASV (1) 222, the vacuum 
pressure ASV (1) 222 is closed. Thus, the vacuum pressure ASV (1) 222 can open/close 
tiie secorfd air passage 220. 
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[0037] Similarly, on the basis of the control signal sent from the ECU 300, the 
VSV 234 switches between a state in which the vacuum pressure is introduced from the 
vacuum pressure tank 240 to the vacuum pressure ASV (2) 232, and a state in which the 
atmospheric pressure is introduced to the vacuum pressure ASV (2) 232. In the case 
5 where the vacuum pressure is introduced from the vacuum pressure tank 240 to the 
vacuum pressure ASV (2) 232, the vacuum pressure ASV (2) 232 is opened. In the case 
where the atmospheric pressure is introduced to the vacuum pressure ASV (2) 232, the 
vacuum pressure ASV (2) 232 is closed. Thus, the vacuum pressure ASV (2) 232 can 
open/close the third air passage 230. 

10 [0038] In a case where the electromagnetic ASV 212, the vacuum pressure 

ASV (1) 222, and the vacuum pressure ASV (2) 232 are opened, air delivered under 
pressure from the air pump 200 is supplied to the exhaust manifolds 110 and 112 via the 
first air passage 210, the second air passage 220, and the third air passage 230. Thus, 
secondary air is supplied to the exhaust passages connected to each cylinder 108. 

15 [0039] The ECU 300 receives signals indicating results of detection performed 

by an air flow meter 302, a throttle valve opening amount sensor 304, a pressure sensor 
306, a vehicle speed sensor 308, a crank position sensor 310, and a coolant temperature 
sensor 312. 

[0040] The air flow meter 302 detects an amount of air introduced into the 
20 engine 100. The throttle valve opening amount sensor 304 detects a throttle valve 
opening amount The pressure sensor 306 is provided between the air pump 200 and the 
electromagnetic ASV 212, and detects a pressure in the first air passage 210. The 
vehicle speed sensor 308 detects a rotational speed of a vehicle wheel (not shown). The 
ECU 300 detects a vehicle speed based on the rotational speed of the vehicle wheel 
25 detected by the vehicle speed sensor 308. The crank position sensor 310 detects a 
rotational speed of a crank shaft (not shown) of the engine 100, that is, an engine 
rotational speed NE. The coolant sensor 312 detects a temperature of coolant of the 
engine 100. 

[0041] The ECU 300 performs computations based on the signals sent from the 



f 



WO 2006/024950 PCT/IB2005/002826 » 

12 

sensors, and maps and programs stored in memory 320. Thus, the ECU 300 controls 
devices installed in the vehicle so that the vehicle is brought into a desired state. 

[0042] Referring to FIG 2, description will be made of a control structure of a 
program executed by the ECU 300 of the control apparatus for an internal combustion 
5 engine according to this embodiment. 

[0043] In step S100, the ECU 300 determines whether failure has occurred in 
the pressure sensor 306. Whether failure has occurred in the pressure sensor 306 is 
determined based on whether the pressure detected by the pressure sensor 306 increases 
while the electromagnetic ASV 212, the vacuum pressure ASV (1) 222, and the vacuum 
10 pressure ASV (2) 232 are controlled so as to be closed, and the air pump 200 is operated. 
However, the method of determining whether failure has occurred in the pressure sensor 
306 is not limited to this method. When it is determined that failure has occurred in the 
pressure sensor 306 ("YES" in step S100), step S102 is performed. When failure has 
not occurred in the pressure sensor 306 ("NO" in step S 100), step S200 is performed. In 
15 step S102, the ECU 300 limits the maximum opening amount of the throttle valve 120 to 
a predetermined opening amount TH (1). 

[0044] In step S200, the ECU 300 determines whether at least one of the 
vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, and the 
electromagnetic ASV 212 remain in the opened state and cannot be closed (hereinafter, 
20 this failure will be referred to as "open failure"). Whether open failure has occurred at 
least one of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, and 
the electromagnetic ASV 212 is determined, for example, based on whether there is a 
pulsation (change) of the pressure detected by the pressure sensor 306 while the operation 
of the air pump 200 is stopped, and all of the electromagnetic ASV 212, the vacuum 
25 pressure ASV (1) 222, and the vacuum pressure ASV (2) are controlled so as to be closed. 
However, the method of determining whether open failure has occurred in at least one of 
the vacuum ASV (1) 222 and the vacuum pressure ASV (2) 232, and the electromagnetic 
ASV 212 is not limited to this method. 

[004S] When it is determined that open failure has occurred in at least one of 
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the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, and the 
electromagnetic ASV 212 ("YES" in step S200), step S202 is performed. When it is 
determined that open failure has occurred in at least one of the vacuum pressure ASV (1) 
222 and the vacuum pressure ASV (2) 232, and open failure has not occurred in the 
5 electromagnetic ASV 212 ("NO" in step S200), step S300 is performed. In step S202, 
the ECU 300 limits the maximum opening amount of the throttle valve 120 to a 
predetermined opening amount TH (2). 

[0046] In step S300, since the electromagnetic ASV 212 is normal, the ECU 
300 determines whether open failure has occurred in both of the vacuum pressure ASV 

10 (1) 222 and the vacuum pressure ASV (2) 232. Whether open failure has occurred in 
both of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 is 
determined, for example, based on whether a short has occurred in a wire connection 
which connects the ECU 300 to the VSV 224 and a wire connection which connects the 
ECU 300 to the VSV 234. However, the method of determining whether open failure 

15 has occurred in both of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV 
(2) 232 is not limited to this method. 

[0047] When it is determined that open failure has occurred in both of the 
vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 ("YES" in step 
S300), step S302 is performed. When it is determined that open failure has occurred in 

20 one of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, or open 
failure has occurred in neither the vacuum pressure ASV (1) 222 nor the vacuum pressure 
ASV (2) 232 rNO" in step S300), step S400 is performed. In step S302, the ECU 300 
limits the maximum opening amount of the throttle valve 120 to a predetermined opening 
amount TH (3) (TH (3) is larger than TH (2), i.e., TH (3) > TH (2)). 

25 [0048] In step S400, the ECU 300 determines whether open failure has 

occurred in one of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 
232. Whether open failure has occurred in one of the vacuum pressure ASV (1) 222 and 
the vacuum pressure ASV (2) 232 is determined, for example, based on whether a short 
has occufred in the wire connection which connects the ECU 300 to the VSV 224 and the 
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wire connection which connects the ECU 300 to the VSV 234. However, the method of 
determining whether open failure has occurred in one of the vacuum pressure ASV (1) 
222 and the vacuum pressure ASV (2) 232 is not limited to this method. 

[0049] When it is determined that open failure has occurred in one of the 
5 vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 ("YES" in step 
S400), step S402 is performed. When it is determined that open failure has occurred in 
neither the vacuum pressure ASV (1) 222 nor the vacuum pressure ASV (2) 232 ("NO" in 
step S400), the routine is ended. In step S402, the ECU 300 limits the maximum 
opening amount of the throtde valve 120 to a predetermined opening amount TH (4) (TH 
10 (4) is larger than TH (3), i.e., TH (4) > TH (3)). 

[0050] In step S500, the ECU 300 determines whether a throttle valve opening 
amount TH is larger than the limited maximum opening amount. When it is determined 
that the throttle valve opening amount TH is larger than the limited maximum opening 
amount ("YES" in step S500), step S502 is performed. When it is determined that the 
15 throttle valve opening amount TH is equal to or smaller than the limited maximum 
opening amount ("NO" in step S500), the routine is ended. In step S502, the ECU 300 
reduces the throttle opening amount TH to the limited maximum opening amount. 

[0051] Hereinafter, description will be made of operation of the ECU 300 
according to this embodiment of the invention, based on the structure and the flowchart 
20 that have been described. 

[0052] While a vehicle system is being started, if the pressure detected by the 
pressure sensor 306 does not increase while all the AS Vs are controlled so as to be closed 
and the air pump 200 is operated, it is determined that failure has occurred in the pressure 
sensor 306 ("YES" in step S 100). 
25 [0053] In this case, it cannot be determined whether open failure has occurred 

in at least one of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, 
and the electromagnetic ASV 212, based on whether a change in the pressure is detected. 

[0054] When open failure has occurred in at least one of the vacuum pressure 
ASV (1) 222 and the vacuum pressure ASV (2) 232, and the electromagnetic ASV 212, 
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exhaust gas may flow back to the AI system. When the exhaust gas flows back to the AI 
system, secondary failure may be caused due to heat of the exhaust gas, that is, failure 
may be caused in a component that has been normal due to the heat of the exhaust gas. 
[0055] Accordingly, when it is determined that failure has occurred in the 
5 pressure sensor 306 ("YES" in step S100), the maximum opening amount of the throttle 
valve 120 is limited to TH (1) in case open failure has occurred at least one of the 
vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, and the 
electromagnetic ASV 212 (S102). 

[0056] Thus, an air amount GA that is an amount of air introduced into the 

10 engine 100 is reduced, and an amount of exhaust gas is reduced. Therefore, it is 
possible to reduce an amount of the exhaust gas that flows back to the AI system. As a 
result, when open failure has occurred in at least one of the vacuum pressure ASV (1) 222 
and the vacuum pressure ASV (2) 232, and the electromagnetic ASV 212, it is possible to 
suppress occurrence of secondary failure due to heat of the exhaust gas flowing back to 

15 the AI system. 

[0057] In the case where the pressure sensor 306 is normal ("NO" in step S 100), 
when a change in the pressure is detected while all of the ASVs are controlled so as to be 
closed, and the air pump 200 is controlled so as to be stopped, it is determined that open 
failure has occurred in at least one of the vacuum pressure ASV (1) 222 and the vacuum 

20 pressure ASV (2) 232, and the electromagnetic ASV 212 (S200). 

[0058] When it is determined that open failure has occuixed in at least one of 
the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, and the 
electromagneticASV 212 ("YES" in step S200), the exhaust gas flows back to the first 
air passage 210 via at least one of the second air passage 220 and the third air passage 

25 230. The exhaust gas that flowing back to the first air passage 210 flows into the engine 
room. 

[0059] In this case, while the engine 100 is being operated, the high- 
temperature exhaust gas may constantly flow back to the AI system, and secondary 
failure may be caused due to heat of the exhaust gas flowing back to the AI system. 
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Therefore, the maximum opening amount of the throttle valve 120 is limited to TH (2) 
(S202). 

[0060] Thus, the air amount GA that is the amount of the air introduced into the 
engine 100 is reduced, and the amount of the exhaust gas is reduced. Therefore, it is 
5 possible to reduce the amount of the exhaust gas flowing back to the AI system. As a 
result, it is possible to suppress occurrence of secondary failure due to heat of the exhaust 
gas flowing back to the AI system. 

[0061] Since the electromagnetic ASV 212 is normal ("NO" in step S200), 
when a short has occurred in the wire connection between the VS V 224 and the ECU 300 
10 and the wire connection between the VSV 234 and the ECU 300, it is determined that 
open failure has occurred in both of the vacuum pressure ASV (1) 222 and the vacuum 
pressure ASV (2) 232 ("YES" in step S300), even if a change in the pressure is not 
detected. 

[0062] When it is determined that open failure has occurred in both of the 
15 vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 ("YES" in step 
S300), communication is provided between the cylinders connected to the second air 
passage 220 and the cylinders connected to the third air passage 230. In this case, the 
exhaust gas may flow back to the AI system from both of the cylinders connected to the 
second air passage 220 and the cylinders connected to the third air passage 230, and 
20 secondary failure may be caused due to heat of the exhaust gas flowing back to the AI 
system. Therefore, the maximum opening amount of the throttle valve 120 is limited to 
TH (3) (S302). 

[0063] Thus, the air amount GA that is the amount of the air introduced into the 
engine 100 is reduced, and the amount of the exhaust gas is reduced. Therefore, it is 
25 possible to reduce the amount of the exhaust gas flowing back to the AI system. As a 
result, it is possible to suppress occurrence of secondary failure due to heat of the exhaust 
gas flowing back to the AI system. 

[0064] In the case where it is determined that open failure has occurred in one 
of the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, or open 

f 
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failure has occurred in neither the vacuum pressure ASV (1) 222 nor the vacuum pressure 
ASV (2) 232 ("NO" in step S300), when a short has occurred in one of the wire 
connection between the VSV 224 and the ECU 300 and the wire connection between the 
VSV 234 and the ECU 300, it is determined that open failure has occurred in one of the 
5 vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 ("YES" in step 
S400). 

[0065] When it is determined that open failure has occurred in at least one of 
the vacuum pressure ASV (1) 222 and the vacuum pressure ASV (2) 232 ("YES" in step 
S300), the exhaust gas flows back to the AI system from one of the cylinders connected 
10 to the second air passage 220 and the cylinders connected to the third air passage 230. 
Therefore, secondary failure may be caused due to heat of the exhaust gas flowing back 
to the AI system. In this case, the opening amount of the throttle valve 120 is limited to 
TH (4) (S402). 

[0066] Thus, the air amount GA that is the amount of the air introduced into the 
15 engine 100 is reduced, and the amount of the exhaust gas is reduced. Therefore, it is 
possible to reduce the amount of the exhaust gas flowing back to the AI system. As a 
result, it is possible to suppress occurrence of secondary failure due to heat of the exhaust 
gas flowing back to the AI system. 

[0067] When open failure has occurred in at least one of the vacuum pressure 
20 ASV (1) 222 and the vacuum pressure ASV (2) 232, and the electromagnetic ASV 212, 
the exhaust gas flowing back to the AI system flows into the engine room via at least one 
of the second air passage 220 and the third air passage 230, and the first air passage 210. 
Thus, when open failure has occurred in at least one of the vacuum pressure ASV (1) 222 
and the vacuum pressure ASV (2) 232, and the electromagnetic ASV 212, the amount of 
25 the exhaust gas flowing back to the AI system becomes largest, and secondary failure is 
likely to occur. 

[0068] Also, when open failure has occurred in both of die vacuum pressure 
ASV (1) 222 and the vacuum pressure ASV (2) 232, communication is provided between 
the exhaust manifold 110 and the exhaust manifold 112 via the second air passage 220 

l 
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and the third air passage 230. Therefore, die exhaust gas flows back to the AI system 
from both of the cylinders connected to the second air passage 220 and the cylinders 
connected to the third air passage 230. 

[0069] Meanwhile, when open failure has occurred in one of the vacuum 
5 pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, the exhaust gas flows back 
to the AI system from one of the cylinders connected to the second air passage 220 and 
the cylinders connected to the third air passage 230. 

[0070] Therefore, when open failure has occurred in both of the vacuum 
pressure ASV (1) 222 and the vacuum pressure ASV (2) 232, the amount of the exhaust 
10 gas flowing back to the AI system is large, and secondary failure is likely to occur, as 
compared to when open failure has occurred in one of the vacuum pressure ASV (1) 222 
and the vacuum pressure ASV (2) 232. 

[0071] Accordingly, among the limited maximum opening amounts of the 
throttle valve 120, TH (2) is the smallest, and TH (4) is the largest. Thus, the throttle 
15 valve opening amount TH is limited so that the amount of the air introduced into the 
engine 100 becomes smaller as the amount of the exhaust gas flowing back to the AI 
system becomes larger. 

[0072] Hereinafter, description will be made on the assumption that open 
failure has occurred in at least one of the vacuum pressure ASV (1) 222 and the vacuum 
20 pressure ASV (2) 232, and the electromagnetic ASV 212 ("YES" in step S200), and the 
maximum opening amount of the throttle valve 120 is limited to TH (2) (S202). 

[0073] After the maximum opening amount of the throttle valve 120 is limited, 
it is detexmined whether the throttle valve opening amount TH is larger than TH (2) 
(S500). When it is determined that the throttle valve opening amount TH is larger than 
25 TH (2) ("YES" in step S500), the throttle valve opening amount TH is reduced to TH (2). 

[0074] At this time, as shown in FIG 3, the throttle valve opening amount TH 
is reduced to TH (A) which is larger than TH (2) at a time point T (1). Then, the throttle 
valve opening amount TH is reduced at a predetermined change rate until the throttle 
valve opehing amount TH becomes equal to TH (2) at a time point T (2). Thus, a rapid 
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change in the throttle valve opening amount TH is suppressed. Therefore, a rapid 
decrease in the output of the engine 100 is suppressed. As a result, it is possible to 
reduce the possibility that an occupant feels uncomfortable when the throttle valve 
opening amount TH is limited. The throttle valve opening amount TH may be reduced 
5 plural times in a stepwise manner until the throtde valve opening amount TH becomes 
equal to TH (A). Also, the throttle valve opening amount TH may be reduced to TH (2) 
in a stepwise manner, or at a predetermined change rate. 

[0075J As described above, the ECU of the control apparatus for an internal 
combustion engine according to this embodiment of the invention limits the maximum 

10 opening amount of the throttle valve opening amount TH to the predetermined opening 
amount when failure in the secondary air supply apparatus is detected. Thus, the 
amount of the exhaust gas can be reduced. Therefore, the amount of the exhaust gas 
flowing back to the secondary air supply apparatus can be reduced. As a result, it is 
possible to suppress occurrence of secondary failure due to heat of the exhaust gas 

15 flowing back to the secondary air supply apparatus. 

[0076] Thus, the embodiment of the invention that has been disclosed in the 
specification is to be considered in all respects as illustrative and not restrictive. The 
technical scope of the invention is defined by claims, and all changes which come within 
the meaning and range of equivalency of the claims are therefore intended to be 

20 embraced therein. 



